A Gram-stain positive, aerobic, non-motile, rod-shaped, oxidase-negative and catalase-positive bacterial strain, designated 06C10-3-11 T , was isolated from the symptomatic bark of a Populus Â euramericana canker. Growth occurred at 10-45 C (optimum, 30 C), pH 6-11 (optimum, pH 7.0-8.0), 0-7 % (w/v) NaCl (optimum, 0-1 %) and in the presence of 20 mM Cr (VI). The major fatty acids (!10 %) of the novel strain were identified as anteiso-C 15:0 , anteiso-C 17:0 and iso-C 16:0 . The polar lipids were diphosphatidylglycerol, phosphatidylglycerol, phospholipid, glycolipid and two unknown lipids. The strain contained the respiratory quinone MK-10 (71 %) as a major component and MK-11 (29 %) in lesser amounts. The cell wall amino acids were 2,4diaminobutyric acid, alanine, glutamic acid and glycine. The genomic DNA G+C content of the type strain was 69.8 mol%. Phylogenetic analysis, based on 16S rRNA gene sequences, indicated that strain 06C10-3-11 T belongs to the genus Leucobacter, showing the highest 16S rRNA gene sequence similarities with Leucobacter celer NAL101 T (96.19 %), 'Leucobacter kyeonggiensis' F3-P9 T (96.18 %), Leucobacter denitrificans M1T8B10 T (96.10 %) and Leucobacter aridicollis CIP 108388 T (96.06 %). The DNA G+C content of strain 06C10-3-11 T was 69.8 mol%. Based on the molecular data and physiological and biochemical characteristics, strain 06C10-3-11 T is considered to represent a novel species of the genus Leucobacter, for which the name Leucobacter populi sp. nov. is proposed. The type strain is 06C10-3-11 T (= CFCC 12199 T = KCTC 39685 T ). †These authors contributed equally to this work.
The genus Leucobacter was first described by Takeuchi et al. (1996) to allow the taxonomic dissection of distinct phylogenetic lineages within the family Microbacteriaceae. At the time of writing, the genus comprises 15 species with validly published names. All species of the genus Leucobacter contain 2,4-diaminobutyric acid (DAB) in their peptidoglycan.
Species of the genus Leucobacter have been isolated from many types of ecological niches, such as the air of a duck barn (Martin et al., 2010) , activated sludge, river sediment (Morais et al., 2006) , soil (Lin et al., 2004) , a traditional Korean fermented seafood made of flatfish (gajami-sikhae) (Shin et al., 2011) , bamboo extract , dye waste water (Kim & Lee 2011 ), a chromium contaminated environment (Morais et al., 2004) and a chironomid egg mass (Halpern et al., 2009) .
In 2013, strain 06C10-3-11 T was isolated from symptomatic bark during an investigation of the microbial diversity in the bark of a Populus Â euramericana canker infected by Lonsdalea quercina subsp. populi using the standard dilution plating technique, according to Li et al. (2015) . The bark samples were collected from Puyang City (35 20¢ N, 114 52¢ E), Henan Province, China. 16S rRNA gene sequence analysis indicated that the isolate belonged to the genus Leucobacter. Based on the evidence from a polyphasic study, we describe a novel species of this genus.
The analysis of the colony morphology of the strain was performed in tryptic soy agar (TSA; Difco) medium (Fang et al., 2015) at 30 C for 2 days. Cell morphology was visualized using a Nikon HFX microscope, and motility was visualized by phase-contrast microscopy (TMS-F; Nikon) as described previously (Fang et al., 2015) . The Gram reaction was performed according to Moaledj (1986) . Anaerobic growth in a 100 % (v/v) CO 2 atmosphere and microaerophily (candle-jar method, Gerhardt et al., 1981) were examined after incubation of the novel strain on the same medium at 30 C for 1 week in anaerobic jars. Growth was investigated in tryptic soy broth (TSB; Difco) at different temperatures (4, 10, 20, 25, 30, 37, 45 and 50 C), NaCl concentrations (0, 1, 2, 3, 4, 5, 6, 7, 8, w/v) and pH tolerances (pH 3-12 in 1 unit increments). To determine chromium tolerance, the strain was cultured at 30 C for 48 h in TSB supplemented with K 2 CrO 4 at concentrations of 0, 1, 2, 3, 4, 5, 10, 20 and 30 mM. Catalase activity was determined by the formation of bubbles in a 3 % (v/v) H 2 O 2 solution, and oxidase activity was determined using an oxidase reagent (bioM erieux). Other biochemical and physiological tests were performed on the poplar isolates using the API 20NE, API 50CH, and API ZYM (bioM erieux) systems and Biolog GP2 plates, according to the manufacturer's instructions.
Cells of strain 06C10-3-11 T were aerobic, non-motile, rod-shaped, Gram-stain positive, oxidase-negative and catalase-positive. The colonies were observed to be milkywhite, opaque, circular and convex with a ragged edge. They were approximately 0.5-1.0 mm in diameter after 48 h growth at 30 C. The pH and temperature ranges for growth were found to be 6.0-11.0 (optimum 7.0-8.0) and 10-45 C (optimum 30 C), respectively. The strain was found to grow well in medium with 0-1 % (w/v) NaCl and tolerated up to 7 % NaCl. The strain grew in medium containing up to 20 mM Cr (VI). The physiological and biochemical characteristics of strain 06C10-3-11 T that differentiated it from the reference strains are shown in Table 1 , while the detailed physiological and biochemical characteristics of the type strain 06C10-3-11 T are given in the species description.
For cellular fatty acid analysis, cells were grown on TSA at 28 C and harvested during the exponential phase (for 48 h). Cellular fatty acids were extracted from the cell mass and analyzed according to the standard protocol of the Sherlock Microbial Identification System (MIDI, version 6.0) (Sasser 1990 ). For polar lipid and quinone determination, the cells were grown in TSB and harvested at the late exponential phase of growth by centrifugation, washed with distilled water and freeze-dried. Analyses of polar lipids were performed using 100 mg of freeze-dried cell material by two-dimensional TLC, as described by Minnikin et al. (1984) . Respiratory quinones were examined as described previously (Tindall 1989 ) using TLC and HPLC. The amino acid composition of the cell wall peptidoglycans was determined using TLC after hydrolysis with 6 M HCl at 100 C for 18 h, as described by Komagata & Suzuki (1987) .
The major fatty acids of the novel strain, 06C10-3-11 T , were identified as anteiso-C 15:0 (42.44 %), anteiso-C 17:0 (26.14 %) and iso-C 16:0 (21.69 %); the strain also contained iso-C 15:0 (3.70 %) and C 15:0 (3.12 %) as minor fatty acids. No significant differences were found in the fatty acid profiles between different species of the genus Leucobacter. The polar lipids in the strain were diphosphatidylglycerol (DPG), phosphatidylglycerol (PG), phospholipid (PL), glycolipid (GL) and two unknown lipids (L1-2) ( For phylogenetic analysis, the genomic DNA of the novel strain was extracted and the 16S rDNA gene was amplified by PCR using the primers 8F/1525R (5¢-AGAGTTTGA TCCTGGCTCAG-3¢/5¢-AAGGAGGTGATCCAGCC-3¢) as described previously (Lane, 1991; Baker et al., 2003) . The approximately 1.50-kb long PCR products were sequenced using an ABI 3730XL automated sequencer (Applied Biosystems). The EzTaxon-e (Kim et al., 2012) was used to analyze the sequence similarities. Phylogenetic trees were inferred using the maximum likelihood (ML) method in the MEGA5 program package (Tamura et al. 2011) . The model test for the ML analysis was performed by the MEGA5 software, and the Hasegawa-Kishino-Yano model (Gamma distributed with Invariant sites, K2+G+I) and the nearest-neighbor interchange were used for tree reconstruction. Node confidence was estimated by bootstrap analyses based on 1000 resamplings. The Neighbourjoining and Maximum Parsimony trees were also reconstructed.
The almost complete 16S rRNA gene sequence (1460nt, corresponding to nucleotide positions 15-1475) of the strain was determined and deposited as KT359554 in the GenBank/EMBL/DDBJ databases. Phylogenetic analysis, based on 16S rRNA gene sequences, using EzTaxon-e indicated that strain 06C10-3-11 T was a member of the genus Leucobacter and was closely related to Leucobacter celer NAL101 T (96.19 %), 'Leucobacter kyeonggiensis' F3-P9 T (96.18 %), Leucobacter denitrificans M1T8B10 T (96.10 %) and Leucobacter aridicollis CIP 108388 T (96.06 %). In the phylogenetic trees, the isolate formed a distinct branch within the genus Leucobacter (Fig. 1, S2 and S3 ).
To determine the DNA G+C content, genomic DNA from the strain was isolated and purified according to the method described by Mesbah et al. (1989) . The G+C contents of the three strains were measured by the HPLC method of Mesbah et al. (1989) . The genomic DNA G+C content of strain 06C10-3-11 T was found to be 69.8 mol%, which is in the range reported for members of the genus Leucobacter.
The characterization of this strain (i.e., Gram-stain positive, aerobic, non-motile, catalase-positive, major fatty acids anteiso-C 15:0 , anteiso-C 17:0 and iso-C 16:0 , predominant polar lipids DPG, PG, and GL, cell wall peptidoglycan diamino acid (2,4-DAB), genomic DNA G+C content of 69.8 mol%) and the phylogenetic analyses suggest that strain 06C10-3-11 T belongs to the genus Leucobacter. While, the lower 16S rRNA gene sequence similarities (less than 96.2 %) with type strains of those with validly published names showed their differences from reference strains of genus Leucobacter. DDH is unnecessary when strains share less than 97 % 16S rRNA gene sequence similarity (Tindall, et al. 2010) . However, strain 06C10-3-11 T showed notable differences to the type strains of the closely related species Leucobacter celer NAL101 T , 'Leucobacter kyeonggiensis' F3-P9 T due to the assimilation of b-cyclodextrin, L-alanine, L-arabinose, b-cyclodextrin, Lalanine, L-arabinose and L-serine). Moreover, 06C10-3-11 T contained MK-10 (71 %) as a major component, whereas the closely related species contained MK-11 as a major component (Table 1) . Based on the phylogenetic and phenotypic characterization, including chemotaxonomy, strain 06C10-3-11 T is considered to represent a novel species of the genus Leucobacter for which the name Leucobacter populi sp. nov. is proposed.
Description of Leucobacter populi sp. nov.
Leucobacter populi (po' pu. li. L. fem. gen. n. populi of Populus, the poplar tree).
Cells are Gram-stain positive, aerobic, non-motile, rodshaped, oxidase-negative and catalase-positive. Colonies are milky-white, opaque, circular and convex with a ragged edge. They are approximately 0.5-1.0 mm in diameter Table 1 . Differential characteristics of strain 06C10-3-11 T and related reference species of the genus Leucobacter Strains: 1, 06C10-3-11 T ; 2, L. celer NAL101 T ; 3, 'L. kyeonggiensis' F3-P9 T . +, Positive; À, negative; W, weak reaction. Data are all taken from this study. after 48 h of growth at 30 C. Growth occurs between 10 and 45 C and pH 6 to 11, with optimal growth at 30 C and pH 7.0-8.0. Growth is present at 6.0-7.0 % (w/v) salinity (optimum 0-1 %). Growth occurs in the presence of 20 mM Cr(VI). The following carbon sources are utilized at 28 C (Biolog GP2): b-cyclodextrin, glycogen, Tween 40, Tween 80, N-acetyl-b-D-mannosamine, amygdalin, L-arabinose, N-acetyl-D-glucosamine, a-D-glucose, m-inositol, a-methyl-D-glucoside, D-ribose, D-sorbitol, sucrose, a-hydroxybutyric acid, g-hydroxybutyric acid, p-hydroxy-phenylacetic acid, lactamide, L-lactic acid, pyruvatic acid methyl ester, propionic acid, pyruvic acid, N-acetyl-L-glutamic acid, L-alaninamide, L-alanine, L-asparagine, L-glutamic acid, L-serine, putrescine, 2,3-butanediol, glycerol, adenosine, 2'-deoxy adenosine, inosine, thymidine, uridine, thymidine-5'-monophosphate, uridine-5'-monophosphate, D-fructose-6-phosphate, a-D-glucose-1-phosphate, D-glucose-6-phosphate, and D-L-aglycerolphosphate. The following enzymatic reactions were positive: alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, cysteine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase, and a-glucosidase, with a weakly positive reaction for lipase (C14) and trypsin (API ZYM). Positive reactions for D-glucose fermentation, hydrolysis of esculin, assimilation of D-glucose and D-mannitol (API 20NE). Negative for acid production from all substrates in the A PI 50CH B/E medium. The major fatty acids (=10 %) of the novel strain were anteiso-C 15:0 , anteiso-C 17:0 and iso-C 16:0 . The polar lipids were diphosphatidylglycerol, phosphatidylglycerol, phospholipid, glycolipid and two unknown lipids.
The strain contained the respiratory quinone MK-10 as a major component and MK-11 as a minor component. The cell wall amino acids are 2,4-diaminobutyric acid, alanine, glutamic acid and glycine. The genomic DNA G+C content of the type strain is 69.8 mol%.
The type strain is 06C10-3-11 T (= CFCC 12199 T = KCTC 39685 T ), isolated from the symptomatic bark of a Populus Â euramericana canker. 
